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In a retrospective assessment of employee exposure to
acrylonitrile (AN) for an epidemiological study, investigators
from the National Cancer Institute (NCI) and the National
Institute for Occupational Safety and Health (NIOSH) eval-
uated the feasibility of using historic acrylonitrile air sam-
ples without modification. The evaluation discussed here was
to determine whether the air sampling results across plants
were comparable. During site visits to each plant conducted
between 1984 and 1986, study investigators collected per-
sonal air samples for four days on approximately ten jobs
per day. During these visits, IHs at seven of the eight plants
also collected personal samples to compare their sample val-
ues to the study-collected sample values. Each plant’s IH col-
lected these concurrent measurements for their own use and
independent of the IHs at the other plants. The plant IHs had
no common sampling protocol but, rather, used professional
Jjudgment in deciding sampling logistics for their concurrent
measurement. In addition, each plant IH used a different Iab-
oratory to analyze samples (the study industrial hygienists
used one laboratory). Three sampling methods were used
by plant industrial hygienists to collect concurrent measure-
ments: charcoal tubes, passive monitors, and porous poly-
mer tubes. The study investigators only used charcoal tubes.
Two hundred and sixty four (264) pairs of concurrent mea-
surements were collected. To assess the +/— comparabil-
ity of the data sets, paired-observation tests were used. The
two sets of charcoal tubes were found to compare favorably
with each other. The study’s charcoal tubes were 1.2 times
higher than results from plant passive monitors. No correla-
tion was found between the study’s charcoal tube results and
plant porous polymer tube results, although the means for
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34 pairs of samples were equivalent. As a result of this eval-
uation, the investigators decided that no adjustments would
be made to the plant measurements. This type of evalua-
tion should be considered when using measurement data in
multisite epidemiological studies.

Keywords  Acrylonitrile, Concurrent Measurements, Personal Sam-

ples, Field Sample Variability

Investigators of epidemiological studies use the presence of
an exposure-response relationship as one criterion to evaluate
causality. Exposure is usually described in terms of airborne !
exposure levels and assessment of these exposures is heavily
dependent on the availability of air measurement data. In retro-
spective cohort studies, investigators generally cannot conduct
air monitoring in the workplace(s) being studied using statis-
tically valid sampling strategies to estimate exposures because
most of the exposures occurred under conditions that are no
longer present. As such, investigators are limited to using any
historical data that are available, typically generated by the com-
pany being studied.(!)

One of the problems with using such data is that the sam-
pling or analytical methods often changed over the period of the
study. In such cases, investigators have compared measurement
results taken concurrently with both the old and new methods to
determine their comparability.” A conversion factor was then
estimated to allow use of the older data.

Inthe study described in this article. the predominant problem
was not that the sampling and analytic method changed over
time, rather that there were eight companies in the study and each
used their own sampling and analytical method. The problem
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posed by this situation, however, is similar to that of changes
in methods over time, that is, how to maximize the accuracy of
the exposure measurements by using all the data available, yet
reduce misclassification of the exposure estimates by making
the measurement results as comparable as possible.

The authors took advantage of measurement data collected
for different purposes to explore the comparability of the mea-
surement data from the different plants. The purpose of this
evaluation was exploratory only. Because of the need to use all
the measurement data in the epidemiological study, the limi-
tations of the data and the preliminary nature of this type of
investigation, the authors did not believe that an accept/reject
approach was appropriate. The goal of the evaluation was simply
to provide information that would be useful to the interpretation
of the epidemiological results. The purpose of this article is to
highlight the problems of having measurement data from differ-
ent work sites to develop exposure estimates for use in a single
analysis.

BACKGROUND

In response to the suggestive evidence of the human car-
cinogenicity of acrylonitrile (AN), the National Cancer Institute
(NCI) and the National Institute for Occupational Safety and
Health (NIOSH) investigated the mortality experience of work-
ers exposed to AN (hereafter referred to as the AN Study).®
The AN Study, which began in 1984, included eight plants that
started AN operations from 1952 to 1965. Previous mortality
studies of acrylonitrile workers had incorporated no quantita-
tive assessments of the workers’ exposure to AN. To rectify this
lack of information, quantitative assessments were developed in
the AN study using systematic and documented procedures.®~7

The eight plants in the study produced AN monomer, acrylic
fiber, acrylic resins, and other smaller volume AN-based prod-
ucts. Starting about 1978, all eight plants began collecting per-
sonal air monitoring data for AN. The majority of samples were
collected in accordance with the Occupational Safety and Health
Administration (OSHA) standard promulgated in 1978.® Each
plant, however, used its own sampling and analytical method
(Table I). Charcoal, whether in the form of a charcoal tube
or a passive monitor, was the most frequently used collection
medium. Desorption from the charcoal was accomplished us-
ing primarily carbon disulfide, methanol, or thermal desorption.
Gas chromatography was the primary analytical technique. Al-
though substantial numbers of measurements existed over time,
the authors believed a limited monitoring effort, selecting jobs
based on the needs of the epidemiological study, would be help-
ful. The original purpose for collecting personal samples was to
Supplement the existing monitoring company data.

METHODS

Air Sampling
In 1986, the study investigators selected 15-20 jobs in each
Plant to be monitored. Some jobs were selected for monitoring

TABLE I

Sampling and analytical methods used by acrylonitrile facilities

Plant Time period Desorption

ID method  Collection  solventor  Analytical

(type)* wasused  device®  technique®  techniqueP

1 1978-1980 CT Methanol GC
(Fib) 1980-1987 PM CS, GC

2 1977-1978 PP Thermal GC
(Mon) 1978-1987 PM CS, GC

3 1978-1987 CT CS, GC
(Mon)

4 1970-1977  Bubbler Permanganate  Titration
(Fib) 1977 CT CS, GC

1977-2 PM CS, GC
7-1987 PM Methanol GC

5 1978-1980 CT CS, GC
(Fib) 1980-1987 PM CS; 4+ 2% Ace  GC

6 1977-1981 CT Methanol GC
(Mon) 1981-1987 PM Methanol GC

7 1977 CT CS, GC
(Res)  1977-1987 PP Thermal GC

8 1977-1979 PP Thermal GC
(Mon) 1979-1987 PM CS, GC

AMon = Monomer Plant; Fib = Fiber Plant; Res = Resin Plant.

BCT = Charcoal Tube; PM = passive monitor; PP = porous
polymer.

€CS, = Carbon Disulfide; Ace = acetone.

PGC = Gas Chromatography.

Note: Permanganate method involved bubbling air through a liquid
trap, then adding permanganate and titrating.

because they had a relatively large number of air samples that
were available historically (greater than 10) and monitoring
would increase the confidence in the accuracy of the histori-
cal measurements. Other jobs were selected because they had
very few samples that were available historically. Two types of
jobs were also selected because of expected high variability of
exposures: maintenance and shipping and receiving operators
(loaders).

All measurements in a plant were taken over a one-week time
period in 1986. The measurements were personal samples placed
on the shoulder of the study subjects at the start of the work shift.
Measurements were taken for at least six hours. The investi-
gators used NIOSH Sampling and Analytical method S156M.
Briefly, this method calls for collection of the contaminant on
SKC charcoal tubes, desorption via methanol, and analysis by
gas chromatography with a nitrogen phosphorus detector.® The
pumps were pre and post calibrated every day. The same indus-
trial hygienist and industrial hygiene technician collected the
samples at all of the plants following the same written proto-
col. All samples were analyzed by one laboratory. A spiked and
blank sample was generated for every ten measurements or at
least every sample day.
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Originally there had been no plan to conduct concurrent per-
sonal sample measurements with the companies. Upon entering
seven of the eight plants, the investigators learned that the indus-
trial hygiene staff would be collecting concurrent measurements
on the same workers. As a result, there were several major differ-
ences between the sampling protocol of the study investigators
and those followed by the individual plants. At each plant the
sampling and analytical method was that used by the plant at the
time of measurement.

The sampling methods were: (a) charcoal tubes (Plants 3
and 6); (b) passive monitors (Plants 1, 2, 4, 5, and 6); and
(c) porous polymer tubes (Plant 7). One plant (Plant 6) collected
the samples using charcoal tubes for two days and a passive
monitor for four days. (The actual method used by each plant
was not obtained from the companies due to the ad hoc nature
of the situation.)

There were other differences as well. The duration of the
measurements by the plants was not always the same as that
of the authors” measurements. One plant collected samples on
about half of the workers measured by the study investigators.
Other companies did not measure all the jobs measured by the
study investigators and no concurrent measurements were col-
lected in Plant 8. Information available indicates that analysis
was done by five of the seven companies by on-site laboratories.
No information was available on which laboratories the other
two companies used.

Statistical Analysis

Agreement between the study and plant measurements was
examined both by plant and by sampling method. Paired t-tests
and sign tests were used to compare the means of the study
and plant data. Average relative differences were calculated by
dividing the difference between the plant and study investigators’

results by the study results. Some of the plant measurement re-
sults were reported as between < 0.1 and 0.2 ppm. For these val-
ues we used the method recommended by Hornung and Reed, for
dealing with measurement values below the limit of detection.!'?
Other results were reported to be below these values (e.g.,
0.04 ppm). These values were used at face value.

Analyses were conducted with all measurements and with
only those measurements that exceeded 0.2 ppm to ensure that
any disagreement found was not simply due to the levels being
in the nondectable range. Analyses were also conducted using
only measurements > 2.0 ppm, because of the OSHA PEL of 2
ppm.® Measurements that did not have a concurrent measure-
ment taken by the company were excluded from the analyses.

To explore the difference due to possible chemical interfer-
ences or other conditions related to operations, comparisons
where the study measurements were > 0.2 ppm were made by
grouping jobs with similar functions (i.e., lab, tank farm, super-
vision, maintenance, fiber production, AN production, and resins
production). Spearman correlations were used to determine how
the ranking of the two sets of measurements compared.

RESULTS

A total of 354 measurements were taken by the study in-
vestigators on 142 jobs. The jobs selected covered most of the
departments in the plants using or handling AN, and generally
were the highest exposed jobs in those departments. Although
the goal of the investigators was to monitor each job three times,
this procedure was not followed for the administrative workers.
Instead, three jobs were monitored once, resulting in the dispro-
portionate number of administrative jobs.

Efforts were concentrated on the shipping and receiving,
maintenance, and production jobs (Table II). The percentage of
maintenance jobs appears lower than the other two groups. The

TABLE 11
Types of jobs monitored, by plant (number of jobs monitored in 1986/number of jobs in the
epidemiological study in 1983)

Plant

Type of job? 1 2 3 4 5 6 7 8 All
Administrative 36 214 3/3 2/6 3/10 3/6 1/4 2/12  19/51
Quality control 19 U6 1/4 12 /6 110 3/10 1/8  10/55
Supervisors® /15 1/9  1/12 1/18 1733 2721 0/32  3/28 10/168
Environmental control 0/6  2/13 1/0 1/1 1/4  0/4 073 0/9 5/40
Shipping & receiving  1/6  1/5  2/0¢ 178 121 58 2/6 1/6  14/40
Maintenance 3/35 2/14 2/4 2111 2,8 2/10 2/31  3/37 18/150
AN using production  6/12 8/6  4/16  10/31 8/43 9/19 9/26 10124 64/177
Processes

ADoes not include other support jobs, such as labor, utilities (2 jobs monitored in 1986), housekeeping,
research & development (1 job monitored in 1986), engineering (3 jobs monitored in 1986), etc.
BIncludes jobs of foremen and higher in the supervisory chain in the quality control lab, maintenance,

shipping and receiving, and production.

CThe function of shipping and receiving was done by AN production workers and is included in AN using

production processes.
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proportion of jobs monitored was similar to those of the other two
jobs when compared to the personnel records of the maintenance
workers. In the epidemiological study, however, the maintenance
job titles were renamed based on the amount of time spent in
the AN units. Thus, in one plant, there may be five different
types of mechanics: mechanic/no AN, mechanic/5 percent in
AN, mechanic/25 percent in AN, mechanic/50 percent in AN,
and mechanic/100 percent in AN. This procedure substantially
increased the number of maintenance jobs.

Most of the jobs selected by the study investigators (63%)
had not been monitored between 1980 and 1983 by the compa-
nies (Table III). This may have been in part because of the low
levels of exposure. The large number of jobs that were moni-
tored in 1986, but were not in the epidemiologic study in 1983,
was due to the fact that 1) the personnel records were not ab-
stracted until after the monitoring, so that the investigators did
not know what jobs were in the epidemiologic study; 2) three
different unexposed administrative jobs were monitored in each
plant that were combined into a single “job” in the epidemio-
logic study; and 3) in some of the plants a single job title (e.g.,
operator) was composed of several jobs (e.g., reactor operator,
purification operator, etc.). However, 57 jobs were nonexistent
in 1983, as indicated by the total number of estimates devel-
oped for the epidemiological study. Of the jobs that did exist at
that time, almost 75 percent had exposures < 0.5 ppm, and only
4 percent had an estimated exposure level of > 1.0 ppm. Levels

TABLE III
Distribution of jobs monitored, by number of historical
measurements, 1986 measured geometric mean and
1983 estimated level

Plant

1 2 3 4 5 6 7 8 Total

# measurements 1980-1983

0 10 19 15 8 9 13 10 6 90
1-10 0 0 0 2 3 3 2 0 10
> 10 4 3 0 9 3 4 514 42
142

1986 Geometric mean
<0.1 212 3 510 1t 7 13 53
0.1-0.49 7 7 810 4 10 10 5 61
0.5-0.99 1 2 2 2 1 5 0 2 15
1.0-1.99 2 1 1 2 0 2 0 0 o8
>2 2 01 0 0 2 0 0 O5
143

Estimated® 1983 level
<0.1 1 6 1 2 1 4 5 3 23
0.1-0.49 5 1 1 5 7 3 613 41
0.5-0.99 S 01 8 1 1 0 2 18
1.0-1.99 1 0 0 01 1 0 O 3
85

AEstimated in the epidemiological study.

appeared in general to have decreased in 1986: 80 percent of
the jobs measured had geometric mean exposures of < (0.5 ppm.
About 4 percent of the jobs, however, had levels < 2.0 ppm.
These jobs were electricians in Plant 1 (2.61 ppm, n = 2), the
reactor operator in Plant 1 (3.58 ppm, n = 4), the purification
operator in Plant 3 (2.79 ppm, n = 1), the truck loader in Plant
6 (5.61 ppm, n = 2) and the production coordinator in Plant
6 (5.07 ppm,n = 1).

The concurrent measurements using charcoal tubes showed
good agreement, having a difference of 14 percent at a mean
of 1.12 ppm for study samples (Table V). The difference be-
tween the measurement results from these two sets of data was
not statistically significant. They were highly correlated with
the company data (r = 0.97). The comparison of the study mea-
surements and those collected by the passive monitors, how-
ever, found a significant difference of 21 percent at a mean of
0.92 ppm, although the correlation between these two sets of
data was high (r = 0.98). This difference indicates a systematic
bias such that the study results were consistently higher than the
plant results.

The comparison with the porous polymer tubes showed a
somewhat unusual picture. There was a poor linear relationship
between these two sets of data (r = —0.05), but the average of
the differences was 0.0 and the difference between the two data
sets was not statistically significant. When only study measure-
ments that exceeded 2 ppm were analyzed the measurements
from both the charcoal tube and the passive monitor exhibited
high agreement with the study measurements (average relative
difference = 6 and 27%; r = 0.99 for both; n = 5 and 14, re-
spectively [not shown]). There were no values > 2 ppm for the
porous polymer tubes.

When the individual plants were evaluated, significant dif-
ferences were found in five of the plants (1,2, 4, 5, 6) using the
sign test and in two plants (1 and 4) using the t-test (Table V).
In only one plant, however, did the difference exceed 50 percent
(Plant 5), the level of variability considered acceptable by OSHA
for sampling and analytic techniques for acrylonitrile.® The cor-
relations were high for five of the six plants (r > 0.95) (1, 2, 4,
5, 6). The polymer porous method described above was used
solely by Plant 7. Those measurements correlated poorly with
the study measurements. For Plant 3 the correlation between the
two sets of measurements was 0.85 when measurements below
0.2 ppm were excluded.

When the agreement was evaluated by job function (regard-
less of sampling method) the lab, tank farm, supervisory, and
fiber production jobs all showed high agreement (r > 0.95) and
relative mean differences of < 50 percent (not shown). The cor-
relation between the measurements on maintenance workers was
0.67 but the relative difference was 22 percent. For measure-
ments on AN production workers (Plants 2, 3, 6) the correla-
tion was lower (r = 0.49) and the mean relative difference was
—93 percent. The measurements taken in the resins operations
(Plant 7 and subsets of Plants 3 and 6) were poorly correlated
(r = —0.27) but the mean difference was 21 percent.
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TABLE 1V
Summary of statistical analysis of concurrent measurement data, by method
Method used Study Range of study  Plant Means of Relative P-value P-value
by plant #of mean measurcments mean differences®  difference®  for paired for paired
(plant no.) pairs  (ppm) (% > 0.2) (ppm) (SD) (%) t-test sign test
Charcoal tube 73 1.12 0.01-354 1.27 —0.16 —14 0.16 0.32
(3.6) (70) (0.93)
Passive monitor 157 0.92 0.01-35.40 0.73 0.19 21 0.01 <0.01
(1,2,4,5,&6) (52) (0.96)
Porous polymer 34  0.17 0.01-0.78 0.17 0.00 0 0.95 0.32
@A) (24) (0.24)

AMeans of differences calculated as xdiff = xstudy — xplant.

BRelative difference calculated as xdiff - xstudy.

DISCUSSION

The purpose of this article was to highlight a frequently
encountered occurrence when performing exposure assessment
in epidemiological cohort studies, that is, that of having
measurement data from different work sites. It described a proce-
dure used to evaluate the amount of exposure misclassification.

The authors took advantage of data collected for a different
purpose to compare how measurements taken concurrently on
the same person compared using different sampling and analyti-
cal techniques. The goal of the investigation was not to accept or
reject the measurements, rather it was to determine how bad the
disagreement was and the situations under which it occurred.

In fact, the authors were quite surprised that the agreement
was so high in most comparisons. Only the polymer porous

method showed poor correlation, although the overall difference
between the means of the two measurement results was essen-
tially zero. We investigated this plant’s method further, including
reviewing the method validation work, but could find no reasons
for this lack of comparability. The plant had originally developed
this method because the conditions in the plant did not appear to
generate valid results when charcoal tubes were used. The dif-
ference may have been due to the low exposure levels: only 24
percent (n = 9) of our measurement results exceeded 0.2 ppm.

Low levels also appeared to have affected the other two plants
with poor agreement. For Plant 3 the correlation between the two
sets of measurements was 0.38 for all measurements and 0.85
when measurements below 0.2 ppm were excluded. In Plant 5,
the other plant with poor agreement, all but one measurement

TABLE V
Summary of statistical analysis of concurrent measurement data, by plant
Plant No. Range of Mean of Relative P-value P-value
(method  #of Study measurements Plant differences difference for paired for paired
for plant) pairs mean (% > 0.2) mean (SD) (%) t-test sign test
1 35 1.21 0.01-13.61 0.80 0.41 34 0.03 0.04
(PM) an (1.07)
2 47 0.35 0.01-3.26 0.25 0.10 29 <0.01 0.01
(PM) (28) (0.23)
3 42 0.45 0.01-2.8 0.63 —0.17 —38 0.35 0.11
€T (62) (1.17)
4 14 0.59 0.02-2.73 0.45 0.15 25 0.04 0.02
(PM) (6Y))] (0.23)
5 18 0.13 0.01-1.31 0.46 -0.33 —250 0.22 0.01
(PM) €] (1.10)
6 43 1.74 0.02-35.40 1.40 0.35 20 0.09 0.02
(PM) (83) (1.31) :
6 31 2.02 0.02-35.40 2.15 -0.13 6 0.10 0.09
(CT) 13) (0.44)
7 34 0.17 0.01-0.78 0.17 0.00 0 0.95 0.30
(PP) 24 (0.24)

Note: PM = Passive Monitor; CT = Charcoal Tube; PP = Porous Polymer.
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were below 0.2 ppm. Furthermore, when only measurements
from all plants were included that exceeded 2 ppm by the study
method both the charcoal tube and the passive monitor exhib-
ited high agreement with the study method (average relative
difference = 6 and 27 percent; r = 0.99 for both; n = 5 and 14,
respectively).

It was unfortunate that many of the exposure levels were so
low, but many of the jobs were selected because only a few
samples had been collected for that job. Generally only a few
samples had been collected because the plants deemed those
jobs to have less exposure. Most of the high exposure jobs were
monitored at the time of study. A variety of departments were
selected to ensure that a range of environmental conditions (e.g.,
a variety of chemicals, indoors and out; controlled and uncon-
trolled; steady state and peaks) were present. Similar findings
of the effect of measurements near the limit of detection have
been reported in a field comparison of passive samplers for
monomethylhydrazine and of passive dosimeters and charcoal
tubes measuring styrene.('!~12)

Thus, the measurement data from all the seven plants in
the study were taken at face value. Investigators encountering
changes in sampling and analytical methods in a single plant
have taken different approaches. Some authors of silica studies
used a conversion factor to make the sample measurements com-
parable, while others excluded measurements that had been col-
lected using a different sampling and analytical technique.(!3~14)
In a study of ethylene oxide workers, passive monitor data were
discarded due to differences in the variability of that method
compared to the sorbent tube method.') Hallock et al. used
sampling data from only two of the three plants in a study evalu-
ating exposure to machining fluids, due to differences based on
an ANOVA analysis.('9

Several data sets exist that evaluated measurements taken
on the same person concurrently to compare different sam-
pling techniques. These could be used for comparison to the
data collected in this study. Some of these comparisons involve
particulate sampling and analytical methods and one must be
cautious when comparing vapor and particulate sampling data-
bases. However, it is noteworthy that both particulate and vapor
methods compared in laboratory environments often show much
closer agreement than concurrent measurements conducted in
true field conditions.(!!-17-18)

In a study of cotton dust exposures in nontextile cotton facili-
ties, agreement was evaluated between the standard cotton dust
sampler, the vertical elutriator (VE), and a smaller battery-
operated vertical elutriator. The OSHA Cotton Dust Standard
allowed use of equivalent samplers if side-by-side tests showed
that the air concentration via the test method was within £25
Percent of the VE air concentration in 95 percent of the side-by-
side tests conducted. Tests conducted in field environments (e.g.,
Cotton ginning facilities, cotton waste utilization) showed much
lower agreement (97 of 153 sample-pairs were between between
125 percent) than tests conducted in a laboratory setting (USDA
model card room), where 27 of 27 sample-pairs were within

£25 percent.'’='® This drop in agreement between the two
methods during the field tests is similar to what Olsen et al.
found when evaluating organic solvent samplers, “. . . the error
of field measurements was found to exceed the error determined
under well controlled laboratory conditions.”!"

Most evaluations of sampling and analytical techniques are
conducted in laboratories under tightly controlled conditions.
Laboratory environments enable the investigators to maintain
better consistency in chemical concentrations, humidity, air ve-
locity, sampler inlet orientation, and so on. In field environ-
ments, investigators who conduct personal monitoring of mobile
employees are often faced with inconsistent conditions. These
changing conditions may include the chemical concentration,
variable air velocity, and humidity levels that vary drastically
from one process area to another. Chemical plants provide a
variety of such changes. For example, an assistant operator may
spend two hours of the shift in the control room with consistent
humidity, temperature, and low ambient air velocity. This same
person may also make three or four trips to check on instru-
ments located in outdoor production areas. Finally, he or she
may spend several hours in locations where processing equip-
ment can generate high temperatures and either very high or very
low humidity. Thus, the excellent agreement often obtained in
the laboratory environment should not necessarily be expected
in a field environments.

In an ideal study that would allow a confident interpreta-
tion of concurrent measurement, several conditions would be
necessary. For the concurrent measurement data evaluated in
this study, however, and for epidemiological exposure assess-
ment efforts being conducted across many sites most of these
conditions were not and will not be met. The conditions in
the study described here included a) different people collected
samples for each plant, b) different analytical laboratories were
used to analyze the AN samples, and c) different sampling and
analytical methods were used. These factors are due in part to the
fact that each plant IH conducted his or her evaluation indepen-
dently of other plant IHs. For example, the distance separating
study and plant sampling trains may not have been consistently
maintained at different plants (no records were available indi-
cating approximate distances separating the samples). Another
source of difference may have been the presence of different an-
alytical interferences, which would affect the plant data differ-
ently because of the different substances and conditions present.
It was important, however, to maintain these differences because
they were incorporated in the historical sampling results.

Until the last few years, few data sets existed that compared
both laboratory and field-generated performance characteristics
for the same sampling and analytical methods. Even fewer data
sets are available that compare two different sampling techniques
simultaneously measuring the same chemical in field environ-
ments. The authors were unable to find any published reports
of comparisons of different sampling methods used by differ-
ent industrial hygienists and analyzed by different laboratories,
as was done in this study. Thus, there is no guidance from the
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published literature as to the level of disagreement acceptable. In
one sense, however, the amount of misclassification acceptable
to investigators may vary from study to study, depending on the
magnitude of the expected level of disease risk. Higher disease
risks may tolerate higher levels of misclassification.

The needs of the epidemiological study required that the study
investigators use the historical monitoring data. The purpose of
this study then. was not to determine which data to discard,
but rather how the lack of consistent measurement might affect
the interpretation of the epidemiological data. We concluded
that while it was a source of misclassification, it was probably
small compared to other sources of error. The authors of this
evaluation believed that comparing the two data sets even with
the known limitations of the data collection was preferable to
either using the data as is without understanding their limitations
or discarding the entire data set with the result of having no
available personal monitoring data.

Itis likely that other occupational safety and health researchers
will face similar dilemmas in the future. It is hoped that the data
presented here will provide some guidance for other researchers.

CONCLUSIONS

When one considers the many variables associated with this
concurrent measurement data set, the results obtained from com-
paring the concurrent measurements are reasonable. Because of
these many limitations and the reasonableness of the data in light
of these limitations, there was insufficient basis to make adjust-
ment to any of the plant data. No corrections were therefore
made to any of the plant data.

Itis recommended that future epidemiological studies of mul-
tiple work sites conduct a formal evaluation of the measurement
databy collecting concurrent measurements with the companies.
Failure to do so could result in exposure estimates being devél-
oped from different measurement scales. This is not a problem as
long as the subjects in the plants are analyzed separately. The ad-
vantage, however, of multisite epidemiological studies is that the
subjects from the various sites can be pooled to increase power to
find statistical significance. Having estimates on different mea-
surements scales could cause differential or nondifferential bias.
Such bias would decrease the ability to find an association.
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